Stroke patients are at higher risk of developing cognitive impairment. Cognitive dysfunctions, especially progressive ones, worsen stroke prognosis and outcome. A longitudinal follow-up of cognitive disorders, however, is rendered difficult by their heterogeneity and the lack of definitions generally agreed upon. Stroke is a major cause of cognitive deficit. The identification of risk factors, clinical determinants and laboratory markers of post-stroke cognitive deficit may help detect patients at increased risk of cognitive deterioration, and prevent or delay the occurrence of poststroke cognitive impairments. Though inflammatory processes have been implicated in the pathogenesis of stroke, their role in the complex pathophysiological mechanisms of post-stroke cognitive impairment is not completely understood. Evidence suggests that elevated serum Creactive protein is associated with both the increased risk of stroke and post-stroke cognitive deficit. The hypothesis of a possible relationship between markers of systemic inflammation and cognitive dysfunctions raises the question of how rational the option of applying non-steroidal antiinflammatory drugs in a proper therapeutic window will be, especially during the acute phase of stroke, to prevent cognitive decline and dementia.
INTRODUCTION
Stroke is the leading cause of severe physical disability in the elderly, the second most common cause of dementia and the third most common cause of mortality after cardiovascular disease and cancer in industrialized countries. 1, 2 The incidence of cognitive deficit increases threefold after stroke and about 25% of stroke patients develop dementia. 3, 4, 5 Some of the patients recover completely from physical disability after the stroke but are often unable to cope with activities of daily life because of cognitive impairment. Current global trends of population ageing and decline in stroke mortality result in increased incidence of poststroke cognitive impairment, thus significantly increasing health care expenditure. There are still no adequate answers to questions such as why stroke patients are at higher risk of cognitive impairment, and what mechanisms characterize the development of dementia.
The clinical presentation of post-stroke cognitive impairment varies from focal neurological deficit to overall cognitive dysfunction. 4, 6 Testing and assessment of cognitive functions is often quite difficult because of lack of generally accepted definition of cognitive impairment and information about the pre-stroke cognitive state of the patients. A better understanding of the complex relationship between stroke and cognitive deficit might provide additional options for prevention and delay of disabling post-stroke symptoms. Identification of diagnostically reliable risk factors and clinical determinants of cognitive impairment in the acute phase of stroke is a successful approach in early detection of patients at increased risk of cognitive deterioration and a step forward in preventing the progress of the post-stroke cognitive impairments.
POST-STROKE COGNITIVE IMPAIRMENT-DEFINITION, TERMINOLOGY, CLASSIFICATION
Attempts to classify post-stroke cognitive dysfunctions are impeded by serious terminology-related problems because of their heterogeneity, high incidence, social significance and uniqueness. 7, 8 There exist many definitions of post-stroke cognitive disorders, mostly based on concepts of cognitive decline and dementia. Post-stroke cognitive impairment (PSCI) is defined as a cognitive deficit that develops up to the third month after stroke with a minimal duration of six months which is not associated with any other condition or disease, e.g. metabolic and endocrine disorders, vasculitis, depression. 9,10 Post-stroke cognitive deficits are generally subdivided into cognitive impairment no dementia (CIND), and dementia when performance of daily activities and social functions are impaired. NINDS-AIREN criteria (National Institute of Neurological Disorders and Stroke -Association Internationale pour la Recherché et l'Enseignement) 11 define dementia as a cognitive decline from a previously higher level of memory functioning and two or more other cognitive domains; the decline being severe enough to interfere with normal activities of daily life. 12 The DOI: 10.5272/jimab.2012183.290
term Post-Stroke Dementia (PSD) is used to denote all types of dementia following stroke, no matter whether the etiology is vascular (VaD), degenerative (AD) or mixed dementia (Mixed D). 4, 13, 14, 15 The dementia following ischemic stroke or brain hemorrhage, irrespective of their location is called Vascular Dementia (VD). 16, 17 Vascular Dementia as a concept does not cover all grades of cognitive deficit after stroke, thus imposing certain difficulties and restrictions. Consequently, a new more appropriate concept of Vascular Cognitive Impairment (VCI) was suggested, defining every type of cognitive deficit associated with, or caused by cerebrovascular disease or vascular risk factors, regardless of their severity. 11, 18, 19, 20 Despite the disagreement of some authors, stating that the differences between vascular cognitive impairment and the rest of cognitive disorders are still obscure and should be further clarified, the term of VCI as a concept is gaining much popularity in routine neurology practice. 19, 21, 22 EPIDEMIOLOGY AND FREQUENCY The risk of developing cognitive deficit increases after stroke, and 25-50% of the stroke survivors develop poststroke dementia. 4, 5, 23, 24 According to Erkinjuntti et al. 25 , the frequency of dementia after stroke is 4-6 times higher than the frequency of dementia in patients of the same age but without a history of stroke. A higher frequency of post-stroke cognitive deficit has also been found during the third month after stroke onset as compared to the frequency one year after the stroke. This is probably due to the higher mortality rate in post-stroke patients with cognitive deterioration. 4 Vascular dementia accounts for 15-25% of all dementia types, and the incidence is highest in Asia. 3 The incidence of vascular dementia is approximately 3.8 per 1000 annually, although great variations are possible depending on study methodology and diagnostic criteria. Comparatively higher frequency of vascular dementia has been observed in rural areas, usually related to lower educational level of the population, lower quality of health care service and the effect of isolation. The frequency of vascular dementia doubles every 5.3 years, 26 and is twice as frequent in patients with a low level of education. 27 The incidence of post-stroke dementia is 6.7% in the age range 60-64 years and 26.5% in patients over 85 years of age 4, 28, 29 Data concerning genderrelated prevalence of post-stroke cognitive impairments are contradictory. 4, 13, 30 Regardless of the great variations in the incidence and epidemiology of post-stroke dementia, data from longitudinal studies confirm the higher risk of developing cognitive impairment after stroke. 4 
COGNITIVE DISORDERS IN THE ACUTE PHASE OF STROKE
Accurate assessment of cognition in the acute phase of stroke is very difficult because of fluctuations characterizing the post-stroke cognitive state. 31 The type and severity of cognitive disorders in the acute phase basically depend on stroke features. Location and size of lesion, and the adequacy of cerebral perfusion determine the risk of cognitive impairment after stroke. Reduction in regional blood flow causes impaired cognitive performance, while restoration of cerebral perfusion improves the cognitive state. 32 In general, hypoperfusion and acute infarction result either in focal cognitive dysfunctions such as aphasia, neglect and apraxia, or in overall cognitive dysfunctions such as disorders of memory, attention and executive functions and other cognitive domains. 33 According to some authors, the frequency of cognitive disorders in the acute phase of stroke is over 70%. 34, 35 Yet a number of acute cognitive dysfunctions are resolved or improved during the first weeks and months after stroke owing to either re-canalization followed by reperfusion, or cerebral plasticity. 32 It should be emphasized that cognitive impairments presented in the acute phase of stroke are mostly determined by the local effects of the lesion or hypoperfusion. Of course, stroke patients have different baseline cognition and comorbidities, which may play a role regarding the severity of post-stroke deficit. Some demographic and medical factors may also significantly influence the post-stroke cognitive performance in the acute period of stroke. Advanced age appears to be an important predictor of poor cognitive outcome after stroke. 35 Furthermore, age even predicts the cognitive deterioration and dementia in the chronic phase of stroke. Data concerning the influence of some clinical parameters as hyperglycemia, hyperpyrexia and seizures on the level of cognitive performance are contradictory and scarce. 35 Sometimes the accurate evaluation of the cognitive state in the acute phase of stroke is further complicated because of the effect of medications such as tranquilizers and sedating agents that worsen cognitive performance. Many therapeutic interventions in acute stroke like intravenous thrombolysis might positively influence the outcome by reducing disability and improving cognitive status after stroke. 36
COGNITIVE DISORDERS IN THE CHRONIC PHASE OF STROKE
While many of the post-stroke cognitive disorders are resolved during the sub-acute period, some of the patients undergo progressive cognitive and physical deterioration, though without any new clinically detectable acute cerebrovascular events. 37, 38 Evidence from epidemiological studies undoubtedly confirms that stroke is a strong predictor of cognitive decline and dementia. 39 The natural evolution from stroke to dementia goes through a mild vascular cognitive impairment. Approximately 8% of the patients with mild cognitive impairment after stroke develop dementia within a year. 38 In general, more severe clinical deficit at stroke onset is associated with a higher risk of post-stroke cognitive impairment. Patients with recurrent and multiple infarctions are also at higher risk of developing cognitive impairment. 40 Left hemispheric supratentorial lesions, anterior and posterior cerebral artery territory infarcts, multiple infarctions and the so-called 'strategic infarctions' are more likely to cause dementia after stroke. Cerebral infarctions that cause dementia, regardless of other factors and without any other lesions are defined as 'strategic infarctions'. The clinical manifestation of post-stroke cognitive impairment in the chronic phase is quite heterogeneous and might be dominated by symptoms of vascular dementia, degenerative dementia or mixed dementia. It is very difficult to answer the question to what extent the cognitive deficit is determined by the stroke effect on the vessels. It is also difficult to explain the complex pathophysiological mechanisms of superimposing stroke vascular effects on previously existing neurodegenerative changes of Alzheimer's type and how the Alzheimer pathology acts synergistically with vascular risk factors to cause cognitive decline.
DETERMINANTS OF POSTSTROKE COGNITIVE IMPAIRMENT
Cognitive impairment following stroke is common but its determinants are still not fully understood. 35 Clinical determinants of post-stroke cognitive impairment include: stroke characteristics (pathomorphological and neuroradiological); pre-existing and coexisting vascular risk factors; and individual (demographic and clinical) data (Fig.1) .
Stroke characteristics
Exploring the potential mechanisms of post-stroke cognitive impairment, Tatemichi et al. 4 have emphasized that stroke location, volume and number of lesions are important factors. According to their findings, the location of stroke is a parameter of greater importance for the cognitive status, if compared to the volume of cerebral lesion. Volume becomes a significant determinant of cognitive impairment only in cases when the compensatory capacity of the organism is exceeded. As far as location is concerned, of special importance for the cognitive deficit are left hemisphere and supratentorial infarctions, followed by lesions in the territory of anterior and posterior cerebral arteries. The analysis of Sydney Stroke Study 21 shows that the volume of the lesion is a significant determinant of post-stroke dementia while prestroke cognitive functions might be significant determinants of post-stroke cognitive decline during the first three to six months of stroke onset. Usually, massive infarction causes dementia but its clinical course is not progressive in most cases. The number of cerebral lesions has been found to be the third most significant determinant. Multiple infarctions often cause progressive, step-like course of cognitive disorders and eventually lead to multi-infarction dementia. 41 All previous strokes and multiple lesions undoubtedly increase the risk of post-stroke cognitive impairment. 4, 42 It has been found that a more severe clinical deficit at stroke onset is associated with a higher risk of post-stroke dementia. 43, 44 Special attention is paid to the "strategic infarcts", i.e. cerebral infarcts leading to dementia when cortical and subcortical areas important for cognition are damaged. The most frequent strategic locations are left angular gyrus, inferomesial temporal and mesial frontal locations, thalamus, genu of the left internal capsule and caudate nuclei.
Vascular risk factors and individual patient data
According to results from the New York Study 14 , advanced age is the major determinant of post-stroke cognitive impairment. A dynamic follow-up of stroke patients has demonstrated that 15% of the patients in the 60-69 year age group, 26% of the 70-79-year-olds and 36% of those over 80 years of age had new-onset dementia. 14 Significant differences in gender distribution of patients with cognitive impairment have not been established, although some authors have reported a higher incidence of cognitive disorders in women. 4, 30 Low education level has also been announced as an independent predictor of post-stroke dementia. 3, 27 The risk of dementia is significantly higher in patients with a history of cognitive deficit before stroke onset. 30, 44, 45 According to the Sydney Stroke Study 21 , cerebrovascular risk factors are not independent predictors of post-stroke cognitive impairment. Systemic arterial hypertension, a major risk factor of stroke, has not been identified as an absolute risk factor for post-stroke deficit. 45, 46, 47 Indirect evidence has been published that higher levels of systemic blood pressure produce greater risk of post-stroke dementia. 48 The PROGRESS study results prove that lowering the blood pressure in patients with a previous stroke reduces the risk of cognitive deficit by reducing the risk of a recurrent stroke. 48 According to other studies, diabetes, cardiac rhythm disorders, and myocardial infarction might also be independent risk factors of poststroke cognitive impairment. 3, 4 The question about the cause-and-effect relationship between hypoxic-ischemic disorders and progressive cognitive decline remains debatable. The influence of hyperlipidemia, hyperhomocysteinemia, alcohol abuse and smoking on poststroke cognitive deficit has not been proved yet. 3 Results from population-based and hospital-based studies have shown that patients with post-stroke cognitive impairment and dementia have higher mortality rates than patients without dementia regardless of age and co-morbidities. 14 For example, the 5-year survival rate of patients with post-stroke dementia is hardly 39%, whereas that of age-matched controls is 75%. The higher mortality rate of patients with stroke and cognitive decline is probably due to the ongoing negative additive influence of vascular risk factors.
Neuroradiological determinants
Modern neuroimaging techniques are an integral part of the actual diagnostic criteria of cognitive impairment. They help obtain extremely valuable information about the pathomorphological changes associated with post-stroke cognitive decline and dementia. Some authors suppose that "silent" infarctions could predict post-stroke dementia, especially in cases when the period between the stroke and the clinical manifestation of cognitive impairment is too long. 4, 49 General cerebral atrophy is also associated with increased risk of developing cognitive impairment and more frequently found in patients with pre-stroke dementia (Fig.1) 3,4,50 . The presence and severity of white matter changes have been reported as independent predictors of post-stroke dementia in patients with lacunar and multiple infarctions (Fig.1) 4,51 . Hence, silent infarctions, general cerebral atrophy and white matter changes could be considered as possible predictors of post-stroke cognitive impairment.
To the best of our knowledge, there is still not enough evidence to identify reliable neuroimaging markers for early prediction of post-stroke cognitive deficit. The exact causal relationship between structural abnormalities and cognitive impairment after stroke needs further clarification.
POTENTIAL ROLE OF INFLAMMATION IN PRE-AND POST-STROKE COGNITIVE DEFICIT
There is growing evidence supporting the hypothesis that stroke triggers complex mechanisms inducing molecular and tissue dysfunctions, which, in combination with concomitant risk factors modified by the demographic characteristics and individual data of the patient, might cause permanent cognitive deficit. 52 Inflammation is one of the basic mechanisms in the pathogenesis of atherosclerosis and its complications. 53 On the other hand, cerebral atherosclerotic changes, stroke and leukoaraiosis in particular, may interrupt the integrity of frontal sub-cortical circuits and cause cognitive impairment and depression. 53, 54, 55 That is why, inflammation is supposed to be an important contributing factor in both neuronal damage after stroke and the development of amyloid plaques associated with cognitive deficit and dementia in the elderly. 53, 56, 57 Defining dementias in the elderly as neurodegenerative (Alzheimer's dementia) or vascular, respectively vascular cognitive impairment (VCI) is very difficult when assessing individual patients. In most cases, there is a simultaneous expression or overlapping of these states, depending on concurrent risk factors and pathophysiological mechanisms. 58, 59 These observations have served as a basis for prospective epidemiological and clinical studies aiming to define the potential relationship between inflammation and cognitive impairment, and to identify systemic and brain inflammatory markers associated with post-stroke cognitive dysfunctions.
Stroke initiates acute local inflammatory response. 60 Inflammatory molecules such as cytokines, chemokines and complement factors have been found in the CSF of patients with stroke. 53 It has not been clarified yet as to what extent the post-stroke inflammatory state interacts or potentiates neurodegenerative processes associated with cognitive decline in the elderly. 61 Though a non-specific inflammatory marker, C-reactive protein (CRP) has been proved to be a predictor of stroke outcome and prognosis (Fig. 2) . 52, 54 It is supposed that both acute and chronic inflammation is equally significant for the development of post-stroke dementia and depression. 53 It is the high sensitivity CRP (hs-CRP), one of the major markers of chronic inflammation, which has been detected in senile plaques and neurofibrillary tangles in Alzheimer's disease. 62 Growing evidence confirms the hypothesis that CRP is not only an inflammatory marker but also has powerful pro-atherogenic activity and is directly involved in the process of atherogenesis, causing stroke, leukoaraiosis and vascular dementia (Fig.2) . 63 Theoretically, hs-CRP, as a non-specific but highly sensitive marker of the subclinical chronic inflammation, might indicate damage to cerebral microstructures of frontal pathways, associated with cognitive performance and executive functions. 64 CRP also promotes the expression of tissue factors in monocytes; opsonizes low-density lipoproteins, impairs endothelial functions, upregulates the expression of endothelial adhesion molecules, thus directly participating in the initiation and acceleration of vascular disease. 65, 66 Experimental studies in vitro have also established that CRP exerts direct neurotoxicity (Fig.2) . 62 The pro-inflammatory response might cause neuronal damage and cerebral atherosclerosis resulting in macro-and micro-angiopathy. Experimental and clinical evidence has confirmed that inflammatory mechanisms play an important role in the pathogenesis and progress of thrombosis, plaque rupture and stroke. 54 Furthermore, CRP has been correlated to white matter lesions and "silent" infarctions which are responsible for cognitive impairment and dementia 67, 68 . A probable causal relationship between the CRP serum level and the post-stroke cognitive decline has been studied prospectively. 69, 70, 71,72 73 These studies have found increased CRP level as related to both stroke prognosis and prediction of cognitive decline and dementia. 53 The possibility of using a laboratory marker such as CRP level in the circulation for early identification of patients at increased risk of post-stroke cognitive impairment seems quite attractive. Up to date, there is no agreement as to the necessity of regular CRP screening of the general population and dynamic follow-up of stroke patients. Epidemiological and clinical studies have confirmed the hypothesis that increased serum CRP level is a risk factor of stroke, cognitive impairment and depression. However, the major causal relationship could be undoubtedly confirmed only after a convincing demonstration that lowering the CRP level in the circulation prevents the development and progress of cognitive dysfunctions.
THERAPEUTIC OPPORTUNITIES AND GUIDELINES FOR FUTURE STUDIES
Successful drug therapy of post-stroke cognitive disorders remains an unsolved therapeutic challenge, because of the complex pathophysiological mechanisms initiated by the stroke. The treatment, usually continuous and multifactorial should aim to restrict stroke expansion and prevent stroke recurrence thus increasing the opportunity of delaying or preventing further cognitive impairment. 43 Preventive interventions should include efforts to modify risk factors and primary and secondary stroke prophylaxis. Although no convincing evidence exists that modification of vascular risk factors will result in reduction of cognitive impairment, it is appropriate to apply antihypertensive and lipid-lowering medication for the purpose of stroke prophylaxis, thus preventing post-stroke cognitive dysfunctions. Additional specific interventions include systemic control of vasoactive, hemorheologic and metabolic mechanisms implicated in the neuronal damage, related to functional and cognitive stroke outcome. 37 The hypothesis of a possible relationship between markers of systemic inflammation and cognitive dysfunctions raises the question of how rational the option of applying non-steroidal anti-inflammatory drugs in a proper therapeutic window will be, especially during the acute phase of stroke, to prevent cognitive decline and dementia. 74 Future prospective studies on the incidence and clinical manifestation of cognitive disorders after stroke might offer possibilities of detecting unknown risk factors of cognitive decline and novel opportunities for successful therapeutic impact. Further investigations on some genetic factors associated with cognitive deterioration and dementia are also necessary. 44 Of course, some novel therapies for neuroprotection and improvement of the cerebral plasticity need further prospective experimental confirmation and successful clinical translation.
SUMMARY
Cognitive impairment following stroke is common, but its determinants are not well defined. The major prognostic factors for cognitive decline and dementia are stroke characteristics, pre-existing and co-existing risk factors and individual patients' data. Cognitive impairment in the acute phase of stroke is mostly determined by the location and the size of the lesion. Multiple and recurrent infarctions increase the risk of developing dementia. Advanced age is important predictor of poor cognitive outcome after the stroke. The impact of cerebrovascular risk factors on post-stroke cognitive impairment is debatable and contradictory. No reliable neuroimaging markers for predicting post-stroke deficit are found yet. The potential role of inflammation for pre-and post-stroke cognitive deficit offers new diagnostic and therapeutic approaches for prevention of cognitive decline and dementia. What is of clinical importance now is to design a working algorithm for early assessment of the potential risk of post-stroke cognitive impairment thus laying the foundation for successful prophylaxis and treatment of post-stroke cognitive dysfunctions. Major clinical determinants of post-stroke cognitive impairment: stroke features; pre-existing and coexisting vascular risk factors, demographic characteristics. Inflammation plays a key role in the pathogenesis of atherosclerosis and its complications. Inflammatory processes are involved in stroke, white matter lesions and neuronal damage. Creactive protein (CRP), a nonspecific marker of systemic inflammation, has been proved to be a predictor of stroke outcome and post-stroke cognitive impairment.
